From the knowledge of the spin correlation functions derived from Mössbauer relaxation spectra of quasi-one-dimensional A 2 MnoyxFe ()() 2F< i (H20) we could fit the antiferromagnetic susceptibilities of A 2 MnF 5 (H 2 0) with A = Na , (NH 4 ) + , K + , Rb + obtained for single crystal samples. The calculation yielded characteristic parameters such as the local anisotropy D, the intra-chain exchange energy J, the inter-chain exchange energy \ J'\, the Neel temperature T N , and the spin canting angle (p.
Introduction
In the following we present efforts to calculate the magnetic susceptibility from experimentally determined spin correlation lengths in 1-d fluoromanganates(III), and we will discuss results for the antiferromagnetically ordered compounds A 2 MnF 5 (H 2 0) and AMnF 5 (H 2 0) with A = Na, NH 4 , K or Rb and A = Sr, Ba or enH 2 , respectively [ 1 -5] . In the light of this discussion, we will get back to previously reported studies of the 57 Fe
Mössbauer effect in the iron-doped compounds of A 2 Mn ()98 Fe 002 F 5 (H 2 O) and AMno.9 8 Fe 0 .o2F 5 (H 2 0) [6] [7] [8] [9] [10] [11] [12] , where we investigated the spin-dynamics and non-linear excitations (solitons) in these compounds. From the analysis of Mössbauer relaxation spectra based on the classical soliton model [13] [14] [15] [16] [17] [18] we were able to determine the activation energy for such a soliton from the temperature dependence of the spin-fluctuation rate in the antiferromagnetic 1-d phase even of powder samples [8-10, 12, 19-21] .
Structural Properties of A ,

/A II MnF 5 (H 0)
The Jahn-Teller theorem is applicable to the degenerate ground state of manganese(III) complexes with octahedral symmetry. In case of Mn 3+ (3d 4 ) with S = 2, the 5 D 0 term is split in an octahedral field to yield a 5 E g ground state and a 5 T 2g excited state [22, 23] , If the octahedral symmetry of the ligand field is reduced by the Jahn-Teller effect to axial symmetry, (the octahedra are remarkably lengthened in the bridging direction), the orbital degeneracy of the 5 E g ground state is removed. If the x and y axes point at the in-plane fluorine ligands, the d-orbitals will be arranged such that d xz , and d vz remain degenerate, followed by d xv and d,2 and finally by dx2_yi as the most destabilized antibonding orbital. For a compressed octahedral arrangement the dx2_y2 orbital is stabilized. In this scheme the four 3d-electrons will generate a ''Big or 5 A lg ground state for axially elongated or compressed octahedra, respectively [11] .
When mixing of the ground and excited states becomes important, the susceptibilities differ from the spin-only prediction and become anisotropic due to the existence of a local anisotropy (zero-field splitting) [8] .
A common feature of all fluoromanganates(III) with the general formula A [33) .
For orthorhombic symmetry, the influence of zerofield splitting on the measurable magnetic properties can be accounted for by addition of two terms to the isotropic exchange interaction. The Hamiltonian for the single chain in a magnetic field may be written in the form
where S and S Y (=x, v. z) are spin operators related to the actually occupied energy levels. The chain direction is along the z axis. The first term in (1) represents an isotropic Heisenberg exchange interaction between two neighbouring spins in the chain. D and E are the axial and orthorhombic crystal field parameters. The singleion-type anisotropy may arise from the crystal potential.
Since the equatorial Mn-F eq distances in the plane perpendicular to the z axis differ only by less than 0.1% we will neglect the orthorhombic anisotropy E (third term in (1)) in our discussion. The fourth term in (1) represents the Zeeman-interaction.
As has previously been shown for Mn(III) chain compounds of the type A^M^MnF^HjO) [21] , it follows that IDI > Eand | J\ > \ D \. The model given in (1) The characteristic Mössbauer parameters as quadrupole splitting and magnetic hyperfine field H are listed in Table  2 or are given in [6] [7] [8] [9] [10] [11] [12] [19] [20] [21] , The detailed theoretical analysis of domain wall dynamics and solitons in magnetic chains with a large local anisotropy D shows that, in a certain range above the critical temperature T N , the density of K domain walls and their motion determines the spin autocorrelation function (5(0)5(0), which is obtained by measuring the fluctuating hyperfine field H(t) ^ 5(f). The temperature dependence of the Mössbauer spectra for a representative powder sample of (NH 4 ) 2 Mn 0 98 Fe 0 02 F 5 (one of ten investigated fluoromanganates(HI) compounds) is shown in Figure 1 . The Mössbauer spectra could successfully be fitted, as for all other compounds, by adopting the Blume Tjon relaxation model [34] [35] [36] , in which it is assumed that the hyperfine field jumps stochastically with a flipping rate T between the two possible value +H ht -and -H h{ . This takes into account a time-dependent Hamiltonian [36] , Thus, the hf interaction is replaced by a fluctuating effective field, and the increase in the fluctuation rate causes line broadening, asymmetric spectra, and related phenomena [ 16] . In doing so, the Mössbauer spectra could be fully fitted at all temperatures, with the spin fluctuation rate r and the ratio of the probabilities that +H h{ jumps to -H m and vice versa, as the only adjustable, temperaturedependent parameters. Table 2 . Experimentally determined parameters in the following order: complementary angle 5 by X-ray diffraction [3] , static Mössbauer parameters of the magnetic hyperfine field H h{ , the quadrupole splitting AE^ at 4.2 K, and the calculated thermal activation energy E A /k from the relaxation spectra on the basis of the classical soliton theory. Parameters obtained by measurements on powders and single crystals for the 1-d antiferromagnetic intrachain exchange constant J and the soliton energy £ s , the anisotropy constant D. the Neel temperature 7" N , the interchain exchange constant J', the ratio J'/J and the canting angle (p derived from (15), respectively. The anisotropy constants in Table 2 are to compare with the averaged value D/k = 2.75(3) K derived from Mössbauer spectroscopy (see Figure 3 ). [8] , We want to emphasize that a feature of our experimental results is the observation of two subspectra, each of which shows a separate relaxation mechanism. Approaching the magnetically split phase from above one observes the apparent coexistence of contributions from the paramagnetic and magnetically ordered phase. This transition is accompanied by slow and fast relaxation phenomena, which may be attributed to non-linear excitations of domain walls. This unusual behaviour is observed in (NH 4 ) 2 Mno. 98 Fe 002 F 5 between 9 and 13 K ( Figure 1 ). There appears a central asymmetric doublet due to faster relaxation. Above 13 K, the intensity of the slowly relaxing subspectrum becomes negligible, such that only a single spectrum is sufficient to fit the experiment. These features were in common for all our samples studied by Mössbauer spectroscopy and were also observed by de Jongh and his group [16] [17] [18] . The Mössbauer spectra were assumed to consist of two subspectra with equal static parameters but different relaxation rates.
To obtain the fliprate T from the measured spectra we have employed, as mentioned above, the Blume andTjon model. The spin fluctuation rate F is defined as (see for example de Groot [16] ) where n s is the soliton density, 
2 kT d the width of a domain wall:
d = 4\J\S
and E s is the soliton energy:
For the inverse correlation length £ 1 (see (2)) it follows that ~E S kT
Therefore the spin fluctuation rate T derived from the Mössbauer spectra can be expressed by In our earlier papers it has been shown that this spin fluctuation rate, resulting from non-linear excitations, appears both in ferro-and antiferromagnetic Ising-like chain systems at temperatures roughly between T c and 3 T c , where T t is the three-dimensional ordering temperature. The activation energy £ A , as determined from the electronic fliprate as a function of inverse temperature (see (8) ). was systematically found to be twice the energy £ s of a single soliton. that is it corresponds to the energy of a soliton pair [46. 47] , This result is in contrast to the ideal gas description predicting the activation energy to be that of a single soliton. In the ideal soliton approximation [48] it is supposed that the solitons are present on the basis of entropy considerations, and their displacement is responsible for the spin fluctuations. Since the soliton pair excitations appear to be thermally activated, it is most probable that the coupling between the phonon bath and the spin system is responsible for their creation and annihilation. The present chain systems show spin-orbit coupling, which may provide for the thermal link between the phonon and the spin system [49] The second subspectrum, a asymmetric doublet relaxes fast and shows a temperature independent relaxation rate. We had identified this subspectrum with the intra-band excitations discussed by Nagler et al. [50] . The level splittings in this soliton pair band are small with respect to the temperature, resulting in a fast relaxation behaviour. We remark that these rapid fluctuations have to be restricted to only parts of the chain during the characteristic Mössbauer time, since otherwise the slowly relaxing component would simply be not present. It is worthwhile to comment that the fast relaxing doublet disappears if a magnetic field is applied. This is expected, since an applied field polarizes the spins and lifts the degeneracy of their energy levels.
In Fig. 2 we present the relaxation rate versus inverse temperature for the 57 Fe doped compounds of the fluoromanganates(III) mentioned above. Additionally, we present up to now unpublished measurements for SrMnF 5 (H 2 0), BaMnF 5 (H 2 0) in Fig. 2 [21] , The slopes for the exponentials are 2£ s . It follows from the plots of ln(F) vs. MT that the soliton energy £ s may be determined directly from Figure 2 . The derived activations EJk are listed in Table 2 .
The results obtained by the classical soliton theory (see (2)- (8)) are only strictly valid in the low temperature region (T->0) [16] , since it requires the solitons not to interact (see above). The application of (7a) for higher temperatures (higher soliton density) is therefore rather questionable. For higher temperatures a boundary condition is, that the inverse correlation length for 7-»\J| S(S+ \)!k turns continuously to an isotropic be- From this simple model of isotropic spin interactions we had calculated the exchange constants near T(% max ) many years ago [3] . Figure 3 shows now the correlation between the activation energy (2£ s ) 2 derived from the classical soliton model and the antiferromagnetic 1-d exchange constants J (see Table 2 ). From a linear least squares fit (Fig. 3) we derive the local anisotropy energy | D/k| = 2.75(3) K.
We can test the predictions of the soliton theory (see (2)- (8)) by calculating the magnetic susceptibilities from the temperature dependence of the inverse correlation length %~l (T) and compare these with experimental results obtained from magnetic measurements on single crystals of the fluoromanganates(III).
Magnetic Susceptibility along the Chain-direction
In Figs. 4 [53] in the temperature range 1.7-330 K and external fields up to ±55 kG. The experimental procedure for determining the Neel temperatures has been described in detail in [12] . These transition temperatures 7" N are listed in Table 2 .
The experimental X\\(T) data for Na 2 
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Temperature TCK] where (8) Inserting in (12) the measured values X\\> we obtain the temperature dependence of derived from the magnetic susceptibility. These calculated values were inserted in Fig. 8 as points. The comparison confirms that the analytical form (T) derived from the spin dynamics is not very different and describes X\\ nicely, at least in the low temperature region (Figure 8) .
For large temperatures T-^T(xmax)
analytical form of (7a) failed, especially for compounds with large T(%max) values.
Figures 4, 5, and 6 demonstrate that the correlation lengths determined on the basis of the soliton model describe the parallel component of the magnetic susceptibility correctly for temperatures below 60 K.
For higher temperatures (T> 60 K) where the wall separation is comparable to the wall width, that is £ ~ b 0 , one has to take interactions between the solitons as well as simultaneous excitations of solitons and antisolitons (excited pair-states) into account [16, 18, 46, 47] , In this temperature regime, the soliton velocity v s is possibly slowed down due to the soliton-antisoliton and soliton-phonon interactions [16] . This demonstrates that at higher temperatures the classical soliton model breaks down. It is worth noting that for high temperatures within the 1-d phase the quality of fitting can be increased by assuming that the soliton velocity is nearly temperature independent.
A series expansion in powers of (kT/E s ) after Sasaki and Tsuzuki [55] , which accounts for the existence of a magnon as well as a soliton contribution, does not improve the description of the temperature dependence of correlation lengths or X\\ in the high temperature region. Griffiths [56] has suggested a perturbation procedure by which a semiquantitative description to the axial anisotropy might be built upon Fisher's classical Heisenberg model [51] . From his evaluation of the higher-order spin-correlation functions Smith et al. [52] and Kida et al. [26] derived for X\\ a°d X± an analytical expression.
This expression, however, is in contradiction to our results and to the requirement of an exponential increase in the correlation length if one approaches absolute zero, or that for T->0 the static correlation function should approach unity. The perturbation procedure by Griffiths is expected to be valid only where the anisotroPy X±~X\\' Since the pure 1-d antiferromagnet has no finite T N , irrespective of the symmetry of the Hamiltonian, the observed transition is due to the weak interchain coupling J'. Nevertheless, the value of T N is directly related to the 1-d correlation length ^ (T) along the chain, as follows from the relation
which equates the thermal energy at 7" N to the interaction energy between correlated chain segments on adjacent chains [45] , Because the Neel-temperatures T N of 8. In Table 2 we placed together the local anisotropy D, 1-d exchange constant J, soliton energy E s , inter-chain exchange constant 7', and Neel-temperature 7 N derived from our calculations.
Temperature TCK] Fig. 9 . Fitting of the magnetic susceptibility of the powder sample of (NH 4 ) 2 MnF 5 with the relation (15) described in the text. As starting parameters the anisotropy constant and the Neel temperature were fixed and the susceptibility was varied as a function of J and (p. Finally, the susceptibility was calculated with the parameters of the anisotropy constant D/k-2.85 (5) K, the exchange constant J/k-10.4(2) K, the soliton energy EJk-85 (2) K. the spin canting angle <p = 4.6°, and the Neel temperature 7 N = 8.5( 1) K.
Magnetic Susceptibility Perpendicular to the Chain-direction
From our single crystal measurements we find, as mentioned above, that the spins are nearly antiparallel to the Z axis (chain direction), but they have small canted components along the x or y axes (perpendicular to the chain direction) in the ordered state, which produce a weak ferromagnetism. Previously, magnetic measurements on a single crystal of (NH 4 ) 2 MnF 5 with the transverse detection unit of our SQUID system [53] showed that the ferromagnetic moment lies within the a, c plane for 7< 7 N [21] . The canting angle (p is caused by the local anisotropy producing a different preferential direction for the moments which are on different sublattices. This mechanism occurs when the local arrangement of the atoms around the sites of the magnetic ions are tilted with respect to each other.
The direction of local anisotropy for each sublattice is assumed to make an angle <5=(180°-y)/2 with the positive or negative z axis, where y represents the bridging angle (Table 1) . If the preferred direction due to the anisotropy is the same for both sublattices (5=0), the canting angle (p is evidently equal to zero. An increase of Ö also increases the canting angle. If, on the other hand, the exchange interaction J is zero, it is easily seen that 8=cp.
To describe the spin behaviour one has, as mentioned above, to solve the Hamiltonian of a magnetic chain for orthorhombic symmetry. Due to the isotropy within the plane perpendicular to the chain axis (E=0) we can construct the following expression for the susceptibility perpendicular to the chain axis. According to Moriya [57] the magnetic susceptibility of a canted system may be described by the sum of two contributions, namely an antiferromagnetic and a ferromagnetic part. Each of the contributions must be multiplied with an appropriate factor to take the value of the susceptibility component along the particular axis into account. For our description of the experimental susceptibility data on the weak ferromagnetic chain compounds, we used the correct theoretical expression for the 1-d Heisenberg model, multiplied with the factor (1 -sin 2 <p) [57] . Following Moriya [57] , the ferromagnetic component can be described by a term C/ (7- 
k(T-T N )
where ^H' represents the inverse correlation length (see (9) ) in the Heisenberg model. The Figs. 4 , 5, and 6 show the results for best fits of (14) Considering (10) and (14), we can derive an expression calculating the magnetic susceptibilities of powder samples as is demonstrated for the case of (NH 4 ) 2 MnF 5 in Figure 9 . The average magnetic susceptibility may then be written as In order to check our results discussed above we have started to perform inelastic neutron scattering experiments at the Hahn-Meitner-Institute at BER-II in Berlin to determine the magnetic linear [28] and non-linear excitations of (NH 4 ) 2 MnF 5 . However, the inelastic magnetic signals were weak and strongly hidden by the large incoherent background caused by the hydrogen atoms.
After the availability of large deuterated single crystals (1.5 g) of good quality, which have been characterized crystallographically by elastic neutron diffraction [27] , the study of inelastic neutron scattering has been performed on the compound (ND 4 ) 2 MnF 5 . The results, which will be published elsewhere [58] , are in excellent agreement with our investigations above.
